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1
IMAGE PROCESSING METHOD AND IMAGE
PROCESSING APPARATUS

This application claims priority to Chinese Patent Appli-
cation No. 201110159928.0, filed on Jun. 15, 2011 and
entitled “Image Processing Method and Image Processing
Apparatus”, contents of which are incorporated herein by
reference in its entirety.

FIELD

The present embodiments relate to the field of image pro-
cessing and, more particularly, to a method and an apparatus
for determining a contour of an object area in an image, and a
method and an apparatus for correcting the image based on
the contour.

BACKGROUND

Itis commonly necessary to utilize an imaging apparatus in
order to input paper file information into a computer. The
imaging apparatus is, for example, a traditional scanning
imaging apparatus, such as a flatbed scanner, a drum scanner
and so on. When the traditional scanning imaging apparatus is
used, since the paper file (i.e. scanning object) is fixed on a
scanning plane flatly and individual corners of the paper file
(i.e. scanning object) are fixed and determinate with respect to
an image sensor of the traditional scanning imaging appara-
tus, there is substantially no distortion and deformation in the
image obtained by the traditional scanning imaging appara-
tus. Furthermore, with the development in the technology,
there appears some curved surface imaging apparatuses such
as a digital camera and a overhead scanner. When the curved
surface imaging apparatus is used, for example when the
digital camera or the overhead scanner is used to image, in an
inclined angle, an opened thick book such as a dictionary, an
encyclopedia, a manual or the like, there appears perspective
transformation distortion and deformation resulting from per-
spective transformation in the obtained image due to imaging
the opened thick book from above in the inclined angle.
Moreover, since the paper face of the opened thick book may
curve, there may also appear distortions and deformations
such as stretch, compression or the like in the obtained image.
Therefore, when the curved surface imaging apparatus is
used, it is necessary to correct the obtained distortion and
deformation image so as to generate a image without distor-
tions and deformations.

To correct the distortion and deformation image, there is a
content-based method of which the basic principle is first to
search for text lines or lines in the paper file, and then to
estimate the obtained distortion and deformation image
according to the searched text lines or lines. However, the
content-based method has a disadvantage in that it has many
requirements on the contents of the paper file, for example, it
requires that there is sufficient information such as text lines,
lines or the like in the paper file. Accordingly, if contents in
the paper file are mainly pictures and the like while there are
less text lines or lines, then the correction effect of the con-
tent-based method is poor or even no correction can be
achieved.

SUMMARY

Therefore, there are needs for improved image correction
method and apparatus which may correct the distortion and
deformation image without relying on the information such
as text lines, lines or the like contained in the paper file per se,

10

15

20

25

30

35

40

45

50

55

60

2

thus there is no more any type of limitation on the contents of
the paper file, and it may be adapted to a wide variety of paper
files.

According to an embodiment, there is provided an image
processing method, including: estimating corners of a con-
tour of an object area in an obtained image; searching for
contour lines of the object area between every two points
which are offset from the estimated corners within a prede-
termined degree along a direction away from the object area
respectively, and determining intersection points of the con-
tour lines as final corners ofthe contour of the object area; and
determining contour lines between the final corners as a final
contour of the object area.

The operation of searching includes: offsetting the esti-
mated corners within the predetermined degree respectively
along a principal orientation away from the object area and
along a direction away from the object area and being per-
pendicular to the principal orientation, so as to obtain offset
points in the principal orientation and offset points in the
direction perpendicular to the principal orientation respec-
tively; tracking contour lines of the object area in the principal
orientation between every two offset points in the principal
orientation respectively, and tracking contour lines of the
object area in the direction perpendicular to the principal
orientation between every two offset points in the direction
perpendicular to the principal orientation respectively; and
determining intersection points between the contour lines in
the principal orientation and the contour lines in the direction
perpendicular to the principal orientation in the object area.

In the operation of searching, if there are a plurality of
intersection points between one contour line in the principal
orientation and one contour line in the direction perpendicu-
lar to the principal orientation in the object area, then a speci-
fied intersection point among the plurality of intersection
points is selected as the final corner of the object area.

The operation of estimating the corners of the contour of
the object area in the obtained image includes: estimating a
center line of the object area in the principal orientation;
estimating contour lines of the object area perpendicular to
the center line based on the center line; and determining the
corners of the object area in accordance with the contour lines
of'the object area.

The image processing method further includes correcting
the object area in the image using a contour-based correction
algorithm in accordance with the determined final contour of
the object area.

According to another embodiment, there is provided an
image processing apparatus, including: a corner estimating
unit or device adapted to estimate corners of a contour of an
objectarea in an obtained image; a contour line searching unit
ordevice adapted to search for contour lines of the object area
between every two points which are offset from the estimated
corners within a predetermined degree along a direction away
from the object area respectively, and determining intersec-
tion points of the contour lines as final corners of the contour
of the object area; and a contour determining unit or device
adapted to determine contour lines between the final corners
as a final contour of the object area.

The contour line searching unit includes: a corner offset-
ting unit adapted to offset the estimated corners within the
predetermined degree respectively along a principal orienta-
tion away from the object area and along a direction away
from the object area and being perpendicular to the principal
orientation, so as to obtain offset points in the principal ori-
entation and offset points in the direction perpendicular to the
principal orientation respectively; a contour line tracking unit
adapted to track contour lines of the object area in the prin-
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cipal orientation between every two offset points in the prin-
cipal orientation respectively, and tracking contour lines of
the object area in the direction perpendicular to the principal
orientation between every two offset points in the direction
perpendicular to the principal orientation respectively; and an
intersection point determining unit adapted to determine
intersection points between the contour lines in the principal
orientation and the contour lines in the direction perpendicu-
lar to the principal orientation in the object area.

In the intersection point determining unit, if there are a
plurality of intersection points between one contour line in
the principal orientation and one contour line in the direction
perpendicular to the principal orientation in the object area,
then a specified intersection point among the plurality of
intersection points is selected as the final corner of the object
area.

The estimation unit includes: a unit adapted to estimate a
center line of the object area in the principal orientation; a unit
adapted to estimate contour lines of the object area perpen-
dicular to the center line based on the center line; and a unit
adapted to determine the corners of the object area in accor-
dance with the contour lines of the object area.

The image processing apparatus further includes a unit or
device adapted to correct the object area in the image using a
contour-based correction algorithm in accordance with the
determined final contour of the object area.

By offsetting the estimated corners of an object area and
based on the offset points, an embodiment may determine an
accurate contour of the object area in the obtained image.
Moreover, it is possible to perform correction on the obtained
image using a contour-based correction algorithm in accor-
dance with the determined accurate contour of the object area
without relying on the information such as text lines, lines or
the like contained in the paper file per se, thus there is no more
limitation on the contents of the paper file, and it may be
adapted to a wide variety of paper files.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, characteristics, and
advantages of the embodiments will be more easily under-
stood with reference to the following description of the
embodiments in conjunction with the accompanying draw-
ings in which identical or corresponding technical features or
components will be denoted with identical or corresponding
reference numerals, wherein:

FIG. 1A is a schematic diagram illustrating imaging a
paper file using a curved surface imaging apparatus;

FIG. 1B is a schematic diagram illustrating a distortion and
deformation image obtained after imaging the paper file using
the curved surface imaging apparatus;

FIG. 2 is a flow chart illustrating an image processing
method for determining a contour of an object area in an
image according to an embodiment;

FIG. 3 is a flow chart illustrating a method for estimating
corners of the contour of the object area in the obtained image
according to an embodiment;

FIG. 4A is a schematic diagram illustrating an image sub-
jected to reduction and smoothing processing;

FIG. 4B is a schematic diagram illustrating a binarization
image divided into a background area and an object area;

FIG. 5 is a flow chart illustrating a method for dividing an
image subjected to reduction and smoothing processing into
a binarization image according to an embodiment;

FIG. 6 is a flow chart illustrating a method for detecting
corners of a contour of an object area in a binarization image
according to an embodiment;
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FIG. 7A is a schematic diagram illustrating a center line of
the object area in the principal orientation;

FIG. 7B is a schematic diagram illustrating a contour line
of the object area perpendicular to the center line;

FIG. 7C is a schematic diagram illustrating corners of the
object area determined in accordance with the contour lines
of'the object area;

FIG. 8 is a flow chart illustrating a method for searching for
the contour line of the object area between two points offset
from the estimated corners according to an embodiment;

FIG. 9A is a schematic diagram illustrating the estimated
corners of the object area;

FIG. 9B is a schematic diagram illustrating searching for
the contour line of the object area between two points offset
from the estimated corners;

FIG. 9C is a schematic diagram illustrating the searched
contour lines of the object area and intersection points
thereof;

FIG. 10 is a schematic diagram illustrating the determined
final contour of the object area;

FIG. 11 is ablock diagram illustrating an image processing
apparatus for determining a contour of an object area in an
image according to another embodiment;

FIG. 12 is a block diagram illustrating a corner estimating
unit according to another embodiment;

FIG. 13 is a block diagram illustrating a dividing unit
according to another embodiment;

FIG. 14 is a block diagram illustrating a corner detection
unit according to another embodiment;

FIG. 15 is a block diagram illustrating a contour line
searching unit according to another embodiment; and

FIG. 16 is a block diagram illustrating an exemplary struc-
ture of a computer in which the embodiment is implemented.

DETAILED DESCRIPTION

The terminology used herein is only for the purpose of
describing particular embodiments and is not intended to
limit the embodiment. As used herein, the singular forms “a”,
“an” and “the” may be intended to include the plural forms as
well, unless the context clearly indicates otherwise. It is fur-
ther to be noted that, as used herein, the terms “comprises”,
“comprising”, “includes” and “including” indicate the pres-
ence of stated features, integers, steps, operations, units and/
or components, but do not preclude the presence or addition
of'one or more other features, integers, steps, operations, units
and/or components, and/or combinations thereof.

Embodiments are described with reference to the drawings
in the following. It shall be noted that for the purpose of
clarity, representation and description of components and
processing irrelevant to the embodiment and known to those
skilled in the art are omitted in the drawings and description
thereof. Each block of the flow chart and/or block diagram
and combinations thereof may be implemented by computer
program instructions. These computer program instructions
may be supplied to a processor of a general-purpose com-
puter, a dedicated computer or other programmable data pro-
cessing devices to produce a machine, so that these instruc-
tions executed by the computer or other programmable data
processing devices produce a device implementing functions/
operations specified in the blocks in the flow chart and/or the
block diagram.

These computer program instructions may also be stored in
a computer-readable media capable of instructing the com-
puter or other programmable data processing devices to oper-
ate in a specific way, and thus the instructions stored in the
computer-readable media generate a manufacture including
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instruction means implementing functions/operations speci-
fied in the blocks in the flow chart and/or the block diagram.

The computer program instructions may also be loaded
into the computer or other programmable data processing
devices so that a sequence of operations are executed thereon
to generate a computer-implemented procedure, and thus the
instructions executed on the computer or other programmable
devices may provide a procedure implementing functions/
operations specified in the blocks in the flow chart and/or the
block diagram.

It should be understood that the flow charts and the block
diagrams in the accompanying drawings illustrate system
architectures, functions and operations of possible imple-
mentations of a system, a method and a computer program
product according to various embodiments. In this regard,
each block in the flow chart or the block diagram may repre-
sent amodule, a program segment or a portion of codes which
contains one or more executable instructions for implement-
ing specified logical functions. It should also be noted that
functions denoted in the block may also occur in an order
different from the denoted order in the drawings in some
alternative implementations. For example, two blocks
denoted successively may actually be performed substan-
tially in parallel or sometimes be performed in a reverse order,
depending on the involved functions. It is also to be noted that
individual blocks in the block diagram and/or the flow chart
and combinations thereof may be implemented by a dedi-
cated hardware-based system executing specified functions
or operations, or may be implemented by combinations of
dedicated hardware and computer instructions.

With reference to FIGS. 1A and 1B, they are considered a
typical situation in which a curved surface imaging apparatus
is used to image a paper file. FIG. 1A is a schematic diagram
illustrating imaging a paper file using a curved surface imag-
ing apparatus. FIG. 1B is a schematic diagram illustrating a
distortion and deformation image obtained after imaging the
paper file using the curved surface imaging apparatus. As
illustrated in FIG. 1A, when a paper file 100 is imaged using
a curved surface imaging apparatus (not illustrated), e.g.,
when the paper file 100 is imaged using a overhead line
scanner (not illustrated), imaging is sequentially performed
in an order from up to down as illustrated with an arrow 104
inFIG. 1A, by use of aline scanning band ofthe overhead line
scanner as illustrated with a dashed line 102 in FIG. 1A. As
illustrated in FIG. 1B, the distortion and deformation image
103 obtained after imaging the paper file 100 using the curved
surface imaging apparatus (not illustrated) includes an object
area 105 corresponding to the paper file 100, and a contour of
the object area 105 includes an upper contour line 106
between an upper left corner CC0 and an upper right corner
CC1, a lower contour line 110 between a lower left corner
CC3 and a lower right corner CC2, a left contour line 112
between the upper left corner CCO between the lower left
corner CC3 and a right contour line 108 between the upper
right corner CC1 and the lower right corner CC2, the upper
contour line 106 and the lower contour line 110 being curved
lines, and the left contour line 112 and the right contour line
108 being straight lines.

As it can be seen, the contour of the object area 105 corre-
sponding to the paper file can substantially be obtained
regardless of the specific contents of the paper file, e.g., no
matter whether the number of the text lines or lines in the
contents of the paper file is more or less. Therefore, the
applicant recognized that the obtained image can be corrected
using a contour-based correction algorithm based on the
obtained contour ofthe object area 105, so the obtained image
can be corrected without relying on information such as text
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lines, lines or the like contained in the paper file per se, and
thus there is no more limitation on the contents of the paper
file, and it may be adapted to a wide variety of paper files.

However, since distortion and deformation occur when the
paper file 100 is imaged using the curved surface imaging
apparatus (not illustrated), there generally exists error
between the contour of the object area 105 corresponding to
the paper file 100 in the obtained distortion and deformation
image 103 and the actual contour of the paper file 100. There-
fore, a problem to be solved by the embodiment is how to
make the contour of the object area 105 in the obtained image
be more approximate to the actual contour of the paper file
100, i.e., how to determine the accurate contour of the object
area 105 in the obtained image.

The image processing method for determining the contour
of'the object area in the image according to an embodiment is
described with reference to FIG. 2 in the following. FIG. 2 is
a flow chart illustrating the method for determining the con-
tour of the object area in the image according to an embodi-
ment.

As illustrated in FIG. 2, this method starts at 200. Next, at
202, corners of the contour of the object area in the obtained
image are estimated.

The image of the paper file can be obtained by scanning the
paper file using the curved surface imaging apparatus such as
a digital camera or a overhead line scanner. With reference to
FIG. 1B, the image 103 obtained after imaging the paper file
100 using the curved surface imaging apparatus (not illus-
trated) includes the object area 105 corresponding to the
paper file 100, the contour of the object area 105 including an
upper contour line 106, a lower contour line 110, a left con-
tour line 112 and a right contour line 108. Particularly, the
intersection point of the upper contour line 106 and the left
contour line 112 is the upper left corner CC0, the intersection
point of the upper contour line 106 and the right contour line
108 is the upper right corner CC1, the intersection point of the
lower contour line 110 and the left contour line 112 is the
lower left corner CC3, and the intersection point of the lower
contour line 110 and the right contour line 108 is the lower
right corner CC2. Generally, after the four corners of the
object area are determined, the contour of the object area can
be substantially determined according to the four corners as
described above. Therefore, in order to determine the contour
of'the object area, firstly it is necessary to detect four corners
of'the object area.

Presently, there have been some methods for detecting
corners of the object area of which the basic principle is to
perform detection in accordance with features of the corners
by utilizing local image information around each pixel point.
However, the existing methods for detecting the corners of the
object area may typically detect a plurality of candidate
points, and thus it is necessary to select the final corners from
the plurality of candidate points after the detection of the
plurality of candidate points. Not only the local image infor-
mation but also the features of the corners are needed so as to
select the final corners from the plurality of candidate points.
Therefore, it is difficult to detect accurate corners only in
accordance with the local image information.

The present embodiment proposes a novel method for
detecting corners of the object area, which is first to estimate
coarse positions of the corners of the object area, and then to
determine the accurate positions of the corners in accordance
with the coarse positions of the corners through the inventive
method of the embodiment. Thus, the embodiment gradually
determines the accurate positions of the corners in an order
from coarse positioning to accurate positioning, thereby
improving accuracy and robustness of corner detection. The
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detailed process of estimating the coarse positions of the
corners of the object area will be described later with refer-
ence to FIGS. 3-7.

Next, the method proceeds to 204. At 204, contour lines of
the object area are searched between every two points which
are offset from the estimated corners within a predetermined
degree along a direction away from the object area respec-
tively, and intersection points of the contour lines are deter-
mined as the final corners of the contour of the object area.

With reference to FIG. 1B, it is assumed that the four coarse
corners of the contour of the object area 105 estimated at 202
are the upper left corner CC0, upper right corner CC1, lower
right corner CC2 and lower left corner CC3 respectively. For
the upper left corner CCO, the upper left corner CC0 may be
offset by a certain distance along a direction away from the
upper contour line 106 and the left contour line 112 of the
object area 105, for example, the upper left corner CC0O may
be offset towards its left by a certain distance, towards its
upper by a certain distance or towards its upper left by a
certain distance. Those skilled in the art may understand that
the upper left corner CC0O may also be offset towards other
directions by a certain distance as long as those other direc-
tions are directions away from the upper contour line 106 and
left contour line 112 of the object area 105.

Similarly, for the upper right corner CC1, the upper right
corner CC1 may be offset by a certain distance along a direc-
tion away from the upper contour line 106 and the right
contour line 108 of the object area 105, for example, the upper
right corner CC1 may be offset towards its right by a certain
distance, towards its upper by a certain distance or towards its
upper right by a certain distance. Those skilled in the art may
understand that the upper right corner CC1 may also be offset
towards other directions by a certain distance as long as those
other directions are directions away from the upper contour
line 106 and the right contour line 108 of the object area 105.

Similarly, for the lower right corner CC2, the lower right
corner CC2 may be offset along a direction away from the
lower contour line 110 and the right contour line 108 of the
object area 105 by a certain distance, for example, the lower
right corner CC2 may be offset towards its right by a certain
distance, towards its lower by a certain distance or towards its
lower right by a certain distance. Those skilled in the art may
understand that the lower right corner CC2 may also be offset
towards other directions by a certain distance as long as those
other directions are directions away from the lower contour
line 110 and right contour line 108 of the object area 105.

Similarly, for the lower left corner CC3, the lower left
corner CC3 may be offset along a direction away from the
lower contour line 110 and left contour line 112 of the object
area 105 by a certain distance, for example, the lower left
corner CC3 may be offset towards its left by a certain dis-
tance, towards its lower by a certain distance or towards its
lower left by a certain distance. Those skilled in the art may
understand that the lower left corner CC3 may also be offset
towards other directions by a certain distance as long as those
other directions are directions away from the lower contour
line 106 and left contour line 112 of the object area 105.

Those skilled in the art may understand that the offset
certain distance should be able to cover the positions of the
accurate corners of the object area, while it should not be
offset too far away from the positions of the accurate corners
of'the object area, for example, the offset certain distance may
be determined experimentally, in accordance with experience
or in accordance with the statistical analysis of respective
detection results.

After the estimated corners are offset within a predeter-
mined degree along the direction away from the object area,
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the contour line of the object area may be searched between
two points which are offset from the estimated corners. For
the upper left corner CCO and upper right corner CC1, for
example, after the upper left corner CC0 is offset towards its
left by a certain distance to obtain an upper left corner left-
offset point CCOL and the upper right corner CC1 is offset
towards its right by a certain distance to obtain an upper right
corner right-offset point CC1R, the upper contour line of the
objectarea 105 may be searched between the upper left corner
left-offset point CCOL and the upper right corner right-offset
point CC1R.

Similarly, for the lower left corner CC3 and lower right
corner CC2, for example, after the lower left corner CC3 is
offset towards its left by a certain distance to obtain a lower
left corner left-offset point CC3L and the lower left corner
CC2 is offset towards its right by a certain distance to obtain
a lower right corner right-offset point CC2R, the lower con-
tour line of the object area 105 may be searched between the
lower left corner left-offset point CC3L and the lower right
corner right-offset point CC2R.

Similarly, for the upper left corner CCO and lower left
corner CC3, for example, after the upper left corner CCO0 is
offset towards its upper by a certain distance to obtain an
upper left corner upper-offset point CCOU and the lower left
corner CC3 is offset towards its lower by a certain distance to
obtain a lower left corner lower-offset point CC3D, the left
contour line of the object area 105 may be searched between
the upper left corner upper-offset point CCOU and the lower
left corner lower-offset point CC3D.

Similarly, for the upper right corner CC1 and lower right
corner CC2, for example, after the upper right corner CC1 is
offset towards its upper by a certain distance to obtain an
upper right corner upper-offset point CC1U and the lower
right corner CC2 is offset towards its lower by a certain
distance to obtain a lower right corner lower-offset point
CC2D, the right contour line of the object area 105 may be
searched between the upper right corner upper-oftset point
CC1U and the lower right corner lower-offset point CC2D.

There are many methods for searching for lines between
two points in the art, for example, a graph-searching based
method or adynamic programming method may beused, e.g.,
J. F. Wang and P. J. Howarth, “Automatic Road Network
Extraction From Landsat™ Imagery”, In processing of
ASPRS-ACSM annual convention, Baltimore, USA, Vol. 1,
pp. 429-438, 1987.

Those skilled in the art may understand that other points
offset from the corners may also be used to search for contour
lines of the object area, as long as elongated contour lines of
the object area can be obtained from other points offset from
the corners.

After the elongated contour lines of the object area 105 are
searched out, intersection points between two contour lines
may be calculated. There are many methods for calculating
intersection points between two lines, and any method for
calculating intersection points between two lines may be used
to calculate the intersection points between two contour lines,
the specific details will not be described any more herein.

Ifthere is only one intersection point between two contour
lines, then this intersection point may be regarded as the final
corner of the object area. If there are a plurality of intersection
points between two contour lines, then a specified intersec-
tion point among the plurality of the intersection points may
be selected as the final corner of the object area. For example,
an average value of the coordinate values of the plurality of
intersection points may be calculated, and an intersection
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point of which the coordinate value is closest to the average
value of the coordinate values may be selected as the final
corner of the object area.

Then, the method proceeds to 206. At 206, the contour lines
between the final corners are determined as the final contour
of the object area.

Afterthe final corners of the object area are determined, the
contour lines between every two final corners are intercepted
and the final contour is formed by the contour lines inter-
cepted between respective corners. With referenceto FIG. 10,
FIG. 10 is a schematic diagram illustrating the determined
final contour of the object area. As illustrated in FIG. 10, the
final corners of the object area are determined as C0, C1, C2
and C3. Then, the contour line between the corners C0 and C1
is intercepted as the upper contour line EB0 of the object area,
the contour line between the corners C1 and C2 is intercepted
as the right contour line EB3 of the object area, the contour
line between the corners C2 and C3 is intercepted as the lower
contour line EB1 of the object area, and the contour line
between the corners C3 and C1 is intercepted as the left
contour line EB2 ofthe object area. Finally, the upper contour
line EBO, the lower contour line EB1, the left contour line
EB2 and the right contour line EB3 forms the final contour of
the object area.

Next, the method proceeds to 208. At 208, the object area
in the image is corrected in accordance with the determined
contour of the object area by utilizing a contour-based cor-
rection algorithm.

There are many contour-based image correction algo-
rithms in the art. Those skilled in the art may understand that
any contour-based image correction algorithm may be used to
correct the object area in the image in accordance with the
determined final contour of the object area. The specific
details will not be described herein.

Finally, the method proceeds to 210. At 210, the method
ends.

In the following, the detailed process of estimating the
corners of the contour of the object area in the obtained image
is described with reference to FIGS. 3-4. FIG. 3 is a flow chart
illustrating the method for estimating the corners of the con-
tour of the object area in the obtained image according to an
embodiment; FIG. 4A is a schematic diagram illustrating the
image subjected to reduction and smoothing processing; and
FIG. 4B is a schematic diagram illustrating a binarization
image divided into a background area and an object area.

As illustrated in FIG. 3, at 302, the reduction and smooth-
ing processing is performed on the obtained image.

The image obtained by scanning the paper file using the
curved surface imaging apparatus such as the digital camera
or the overhead line scanner, generally has a higher resolu-
tion, and contains more pixels, and may possibly contain
more image noise. Therefore, it is necessary to perform some
preprocessing such as reduction and smoothing processing on
the obtained image. Through the reduction processing, the
size of the obtained image can be reduced, thereby increasing
speed ofthe subsequent processing. Furthermore, through the
smoothing processing, the influence of image noise can be
suppressed. With reference to FIG. 4A, FIG. 4A illustrates a
schematic diagram of the image subjected to reduction and
smoothing processing.

Next, the method proceeds to 304. At 304, the image sub-
jected to reduction and smoothing processing is divided into
a background area and an object area.

With reference to FIG. 4B, FIG. 4B is a schematic diagram
illustrating a binarization image divided into a background
area and an object area. As illustrated in FIG. 4B, an image
400 subjected to reduction and smoothing processing is
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divided into a background area 402 and an object area 404.
Particularly, the background area 402 is an area correspond-
ing to the area except for the paper file, and the object area 404
is an area corresponding to the area of the paper file. As
illustrated in FIG. 4B, the background area 402 and the object
area 404 are denoted with two different colors respectively,
e.g., the background area 402 is denoted with the white color
and the object area 404 is denoted with the black color or
otherwise, so as to obtain a binarization image. Those skilled
in the art may understand that the binarization image may also
be denoted with other different colors. The process of divid-
ing the image into the background area and the object area
will be described in detail later with reference to FIG. 5.

Next, the method proceeds to 306. At 306, corners of the
contour of the object area are detected based on the binariza-
tion image.

After the binarization image having the background area
and the object area is obtained at 304, the corners of the
contour of the object area may be detected based on the
binarization image. For example, a center line of the binariza-
tion image may be estimated first, then a contour line perpen-
dicular to the center line is estimated based on the center line,
and then the corners of the contour of the object area are
determined in accordance with intersection points of the con-
tour lines. The process of detecting the corners of the contour
of the object area based on the binarization image will be
described in detail later with reference to FIGS. 6-7.

The process of dividing the image into the binarization
image having the background area and the object area is
described in detail with reference to FIG. 5 in the following.
FIG. 5 is a flow chart illustrating the method for dividing the
image subjected to reduction and smoothing processing into
the binarization image according to an embodiment.

As illustrated in FIG. 5, at 502, the background color of the
image subjected to reduction and smoothing processing is
estimated.

Generally, in the image obtained by scanning the paper file
with the curved surface imaging apparatus, the background
has a uniform color and the object area corresponding to the
paper file is located at the center of the obtained image. Thus,
the color of the background can be estimated from the outer
edge area of the image. For example, firstly colors of all the
pixels in the outer edge area can be considered in a color
histogram statistically, and then the color with a highest fre-
quency of appearance is regarded as the background color.
Particularly, the range of the outer edge area can be deter-
mined experimentally for example.

Next, the method proceeds to 504. At 504, a distance
between the color of individual pixels in the image and the
background color is calculated.

After the background color of the image is estimated at
502, a difference degree between the color of individual pix-
els in the image and the background color is calculated. This
difference degree can be measured with the distance between
the color of individual pixels in the image and the background
color. This distance may be for example an Euler distance.
Thus, a distance diagram corresponding to all the pixels in the
image can be obtained by calculating the distance between
the color of individual pixels in the image and the background
color, and in the distance diagram, a gray value of individual
pixels corresponds to a distance in a color space. Those
skilled in the art may understand that the distance may also be
calculated using other distance calculation methods in the art,
as long as those methods may be able to calculate the differ-
ence degree between the color of individual pixels in the
image and the background color.
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Next, the method proceeds to 506. At 506, the image is
divided into a binarization image including a background area
and an object area according to a binarization algorithm.

After the distance between the color of individual pixels in
the image and the background color is calculated at 504, the
generated distance diagram can be divided by using the bina-
rization algorithm, so that a pixel with a larger distance from
the background color is divided into the background area, and
a pixel with a smaller distance from the background color is
divided into the object area. Then, a value of a color of
individual pixels in the background area is converted into one
of values of two colors, and a value of a color of individual
pixels in the object area is converted into the other of values of
the two colors, so that the binarization image including the
background area and the object area is obtained. The two
colors may be for example black and white. Those skilled in
the art may understand that the two colors may also use other
colors. The binarization algorithm may be for example an
Ostu global binarization algorithm. Those skilled in the art
may understand that other binarization algorithms in the art
may also be used. With reference to FIG. 4B, for example, the
color of individual pixels in the background area 402 is con-
verted into white, and the color of individual pixels in the
object area 404 is converted into black.

The method for detecting corners of the contour of the
object area in the binarization image is described in detail
with reference to FIGS. 6-7 in the following. FIG. 6 is a flow
chart illustrating the method for detecting corners of the con-
tour of the object area in the binarization image according to
an embodiment. FIG. 7A is a schematic diagram illustrating a
center line of the object area in a principal orientation. FIG.
7B is a schematic diagram illustrating a contour line of the
object area perpendicular to the center line. FIG. 7C is a
schematic diagram illustrating the corners of the object area
determined according to the contour lines of the object area.

As illustrated in FIG. 6, at 602, the center line of the object
area in the principal orientation is estimated.

With reference to FIG. 7A, in the image as illustrated in
FIG. 7A, an object area 700 is positioned horizontally, that is,
the left and right contour lines of the object area 700 are
straight lines, while the upper and lower contour lines of the
object area 700 are curved lines, the horizontal direction
being referred as the principal orientation of the object area. If
the object area is not positioned horizontally in the image but
is inclined to a certain degree with respect to the horizontal
direction, then the object area in the image can be prepro-
cessed firstly, for example, the object area in the image can be
rotated to a certain degree, so as to transform the object area
in the image to the horizontal direction (i.e. the principal
orientation).

When the object area 700 is positioned in the principal
orientation in the image, a straight line estimation method
such as a straight line fit method or a principal component
analysis (PCA) method may be used to estimate the center
line of the object area in the principal orientation. With ref-
erence to FIG. 7A again, it is assumed that the whole object
area 700 is a straight line, then the straight line fit method is
used to fit all the points in the object area 700, thus obtaining
the center line 702 of the object area 700 in the principal
orientation, as indicated by the horizontal solid line in FIG.
7A. Those skilled in the art may understand that other straight
line estimation methods in the art may also be used to estimate
the center line of the object area in the principal orientation.

Next, the method proceeds to 604. At 604, the contour line
of'the object area perpendicular to the center line is estimated
based on the center line.
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With reference to FIG. 7B, a left contour line 703 and a
right contour line 704 of the object area 700 in the image are
substantially perpendicular to the center line 702 in the prin-
cipal orientation. Therefore, the left contour line 703 and the
right contour line 704 of the object area 700 can be estimated
by fitting a straight line to the edge pixels of the object area
700 in the image, i.e., pixels in the object area 700 adjacent to
the background area. Similarly, the straight line estimation
method, such as the straight line fit method or the principal
component analysis (PCA) method, may be used to estimate
the left contour line 703 and the right contour line 704 of the
object area 700. Those skilled in the art may understand that
other straight line estimation methods in the art may also be
used to estimate the left contour line 703 and the right contour
line 704 of the object area 700. Furthermore, a series of
intersection points between the center line 702 of the object
area 700 in the principal orientation and the object area 700
may be calculated sequentially, the series of intersection
points constituting the left contour line 703 and the right
contour line 704 of the object area 700 respectively.

Next, the method proceeds to 606. At 606, the corners of
the object area are determined based on the contour lines of
the object area.

After the left contour line 703 and the right contour line 704
of'the object area 700 are obtained at 604, four coarse corners
of'the object area 700 may be estimated according to the left
contour line 703 and the right contour line 704 of the object
area 700. With reference to FIG. 7C, taking the upper left
corner CC0 as an example, the upper left corner CCO corre-
sponds to the intersection point between the left contour line
703 and the upper contour line. Generally, the upper contour
line is approximately a straight line within a certain distance
close to the left contour line. Those skilled in the art may
understand that the certain distance may be determined
experimentally. Based on the above recognition, the coarse
upper left corner CCO0 of the object area 700 may be estimated
by the method as follows: firstly, calculating the pixel points
of the upper contour, the pixel points of the upper contour
being pixel points for which current pixel points are in the
object area while upper adjoining pixels are in the back-
ground area; next, projecting vertically the calculated pixel
points of the upper contour onto the left contour line 703
respectively; and finally, counting the number of the pixel
points of the upper contour obtained by projecting at indi-
vidual positions of the left contour line 703, and selecting the
point with the highest number on the left contour line 703 as
the coarse upper left corner CCO0. Likewise, the coarse upper
right corner CC1, lower right corner CC2 and lower left
corner CC3 of the object area 700 can be obtained respec-
tively.

A method for searching for contour lines of the object area
between two points which are offset from the estimated cor-
ners is described in detail with reference to FIGS. 8-9 in the
following. FIG. 8 is a flow chart illustrating the method for
searching for the contour lines of the object area between two
points which are offset from the estimated corners according
to one embodiment. FIG. 9A is a schematic diagram illustrat-
ing the estimated corners of the object area. FIG. 9B is a
schematic diagram illustrating searching for the contour lines
of the object area between two points which are offset from
the estimated corners. FIG. 9C is a schematic diagram illus-
trating the searched contour lines of the object area and inter-
section points thereof.

As illustrated in FIG. 8, at 802, the estimated corners are
offset within a predetermined degree respectively along a
principal orientation away from the object area and along a
direction away from the object area and being perpendicular
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to the principal orientation, so as to obtain offset points in the
principal orientation and offset points in the direction perpen-
dicular to the principal orientation respectively.

With reference to FIG. 9A, as illustrated in FIG. 9A, the
four estimated coarse corners of the contour of the object area
105 are the upper left corner CCO (x0, y0), the upper right
corner CC1 (x1, y1), the lower right corner CC2 (x2, y2) and
the lower left corner CC3 (x3, y3).

With reference to FIG. 9B, for the upper left corner CC0
(x0, y0), the upper left corner CC0 (x0, y0) may be shifted
leftwards by a distance t along a principal orientation of the
object area so as to obtain the offset point CC01 (x0-t,y0). As
described above, the principal orientation of the object area
refers to a horizontal direction when the object area is posi-
tioned horizontally, i.e., the horizontal direction in which the
left and the right contour lines of the object area are straight
lines while the upper and the lower contour lines are curved
lines. Furthermore, the upper left corner CC0 (x0, y0) may be
shifted upwards along a direction perpendicular to the prin-
cipal orientation by the distance t so as to obtain an offset
point CC02 (x0, y0+t).

Similarly, for the upper right corner CC1 (x1, y1), the
upper right corner (x1, y1) may be shifted rightwards along
the principal orientation of the object area by the distance t so
as to obtain an offset point CC11 (x1+t, y1). Furthermore, the
upper right corner CC1 (x1, y1) may be shifted upwards along
the direction perpendicular to the principal orientation by the
distance t so as to obtain an offset point CC12 (x1, y1+t).

Similarly, for the lower right corner CC2 (x2, y2), the lower
right corner CC2 (x2, y2) may be shifted rightwards along the
principal orientation of the object area by the distance t so as
to obtain an offset point CC21 (x2+t, y2). Furthermore, the
lower right point CC2 (x2, y2) may be shifted downwards
along the direction perpendicular to the principal orientation
by the distance t so as to obtain an offset point CC22 (x2,
y2-t).

Similarly, for the lower left corner CC3 (x3, y3), the lower
left corner CC3 (x3, y3) may be shifted leftwards along the
principal orientation of the object area by the distance t so as
to obtain an offset point CC21 (x3-t, y3). Furthermore, the
lower left corner CC3 (x3, y3) may be shifted downwards
along the direction perpendicular to the principal orientation
by the distance t so as to obtain an offset point CC32 (x3,
y3-t).

Those skilled in the art may understand that, the upper left
corner CCO (x0, y0), the upper right corner CC1 (x1, y1), the
lower right corner CC2 (x2, y2) and the lower lett corner CC3
(x3, y3) may also be offset towards other directions by a
certain distance, as long as those other directions are direc-
tions away from the object area. Furthermore, those skilled in
the art may understand that the distance t should be able to
cover the positions of the accurate corners of the object area,
while it should not be offset too far away from the positions of
the accurate corners of the object area. For example, the
distance t may be determined experimentally, be determined
in accordance with experience or be determined in accor-
dance with the statistical analysis of individual detection
results.

Next, the method proceeds to 804. At 804, contour lines of
the object area in the principal orientation are tracked
between every two offset points in the principal orientation
respectively, and contour lines of the object area in the direc-
tion perpendicular to the principal orientation are tracked
between every two offset points in the direction perpendicular
to the principal orientation respectively.

With reference to FI1G. 9B again, after the upper left corner
CCO0 (x0, y0) is shifted leftwards along the principal orienta-
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tion by the distance t to obtain the offset point CC01 (x0-t,
y0) and the upper right corner CC1 (x1, y1) is shifted right-
wards along the principal orientation by the distance t to
obtain the offset point CC11 (x1+t. y1) at 802, the elongated
upper contour line EBO of the object area may be tracked
between the point CC01 (x0-t, y0) and the point CC11 (x1+t,
y1). Similarly, the elongated lower contour line EB1 of the
objectarea may be tracked between the point CC31 (x3-t,y3)
and the point CC21 (x2+t, y2); the elongated left contour line
EB2 of the object area may be tracked between the point
CC02 (x0, y0+t) and the point CC32 (x3, y3-t); and the
elongated contour line EB3 of the object area may be tracked
between the point CC12 (x1, y1+t) and the point CC22 (x2,
y2-t). The final results are as illustrated in FIG. 9C.

As described above, there are many methods for tracking
lines between two points in the art, for example, a graph-
searching based method or a dynamic programming method
may be used, e.g., J. F. Wang and P. J. Howarth, “Automatic
Road Network Extraction From Landsat™ Imagery”, In pro-
cessing of ASPRS-ACSM annual convention, Baltimore,
USA, Val, pp. 429-438.

Those skilled in the art may understand that other points
offset from the corners may be used to search for the contour
lines of the object area, as long as the elongated contour lines
of the object area can be obtained from other points offset
from the corners.

Next, the method proceeds to 806. At 806, intersection
points are determined between the contour lines in the prin-
cipal orientation and the contour lines in the direction per-
pendicular to the principal orientation in the object area.

As illustrated in FIG. 9C, an intersection point C0 between
the elongated upper contour line EB0 and the elongated left
contour line EB2, an intersection point C1 between the elon-
gated upper contour line EB0 and the elongated right contour
line EB3, an intersection point C3 between the elongated
lower contour line EB1 and the elongated left contour line
EB2 and an intersection point C2 between the elongated
lower contour line EB1 and the elongated right contour line
EB3 are determined respectively (see final contour of FIG.
10).

There are many methods for calculating intersection points
between two lines in the art, and any method for calculating
the intersection points between two lines can be used to
calculate the intersection points between two contour lines,
and specific details will not be described any more herein. If
there is only one intersection point between two contour lines,
then this intersection point can be regarded as the final corner
of'the object area. If there are a plurality of intersection points
between two contour lines, then a specified intersection point
among the plurality of intersection points can be selected as
the final corner of the object area. For example, an average
value of the coordinate values of these plurality of intersec-
tion points can be calculated, and the intersection point of
which the coordinate value is closest to the average value of
the coordinate values is selected as the final corner of the
object area.

In the following, an image processing apparatus for deter-
mining a contour of an object area in an image is described in
detail with reference to FIG. 11. FIG. 11 is a block diagram
illustrating the image processing apparatus for determining
the contour of the object area in the image according to
another embodiment.

As illustrated in FIG. 11, the image processing apparatus
1100 for determining the contour of the object area in the
image, which may be a computer, includes a corner estimat-
ing unit 1102, a contour line searching unit 1104, a contour
determining unit 1106 and an image correction unit 1108.
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Particularly, the corner estimating unit 1102 is used to esti-
mate corners of a contour of an object area in an obtained
image; the contour line searching unit 1104 is used to search-
ing for contour lines of the object area between every two
points which are offset form the estimated corners within a
predetermined degree along a direction away from the object
area respectively, and to determine intersection points of the
contour lines as final corners of the contour of the object area;
the contour determining unit 1106 is used to determine con-
tour lines between the final corners as a final contour of the
object area; and the image correction unit 1108 is used to
correct the object area in the image using a contour-based
correction algorithm in accordance with the determined final
contour of the object area.

The image processing apparatus 1100 is an apparatus cor-
responding to the method as illustrated in FI1G. 2, and specific
details thereof will not be described any more herein.

The corner estimating unit is described in detail with ref-
erence to FIG. 12 in the following. FIG. 12 is a block diagram
illustrating the corner estimating unit according to an
embodiment.

As illustrated in FIG. 12, the corner estimating unit 1102
includes a reduction and smoothing unit 1200, a dividing unit
1202 and a corner detection unit 1204. Particularly, the reduc-
tion and smoothing unit 1200 is used to perform reduction and
smoothing processing on the obtained image; the dividing
unit 1202 is used to divide the image subjected to reduction
and smoothing processing into a background area and an
object image; and the corner detection unit 1204 is used to
detect corners of the contour of the object area based on the
binarization image.

The corner estimating unit 1102 is an apparatus corre-
sponding to the method as illustrated in FIG. 3, and specific
details thereof will not be described any more herein.

The dividing unit is described in detail with reference to
FIG. 13 in the following. FIG. 13 is a block diagram illustrat-
ing the dividing unit according to an embodiment.

As illustrated in FIG. 13, the dividing unit 1202 includes a
background color estimating unit 1300, a distance calculating
unit 1302 and a binarization dividing unit 1304. Particularly,
the background color estimating unit 1300 is used to estimate
the background color of the image subjected to reduction and
smoothing processing; the distance calculating unit 1302 is
used to calculate the distance between individual pixels in the
image and the background color; and the binarization divid-
ing unit 1304 is used to divide the image into a binarization
image including the background area and the object area in
accordance with a binarization algorithm.

The dividing unit 1202 is an apparatus corresponding to the
method as illustrated in FIG. 5, and specific details thereof
will not be described any more herein.

The corner detection unit is described in detail with refer-
ence to FIG. 14 in the following. FIG. 14 is a block diagram
illustrating the corner detection unit according to an embodi-
ment.

As illustrated in FIG. 14, the corner detection unit 1204
includes a horizontal center line detection unit 1400, a left-
right vertical contour detection unit 1402 and a corner calcu-
lation unit 1404. Particularly, the horizontal center line detec-
tion unit 1400 is used to estimate the center line of the object
area in the principal orientation; the left-right vertical contour
detection unit 1402 is used to estimate the contour lines of the
objectarea perpendicular to the center line based on the center
line; and the corner calculating unit 1404 is used to determine
the corners of the object area in accordance with the contour
lines of the object area.
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The corner detection unit 1204 is an apparatus correspond-
ing to the method as illustrated in FIG. 6, and specific detail
thereof will not be described any more herein.

The contour line searching unit is described in detail with
reference to FIG. 15 in the following. FIG. 15 is a block
diagram illustrating the contour line searching unit according
to an embodiment.

As illustrated in FIG. 15, the contour line searching unit
1104 includes a corner offsetting unit 1500, a contour line
tracking unit 1502 and an intersection point determining unit
1504. Particularly, the corner offsetting unit 1500 is used to
offset the estimated corners within the predetermined degree
respectively along a principal orientation away from the
object area and along a direction away from the object area
and being perpendicular to the principal orientation, so as to
obtain offset points in the principal orientation and offset
points in the direction perpendicular to the principal orienta-
tion respectively; the contour line tracking unit 1502 is used
to track contour lines of the object area in the principal ori-
entation between every two offset points in the principal
orientation respectively, and track contour lines of the object
area in the direction perpendicular to the principal orientation
between every two offset points in the direction perpendicular
to the principal orientation respectively; and the intersection
point determining unit 1504 is used to determine intersection
points between the contour lines in the principal orientation
and the contour lines in the direction perpendicular to the
principal orientation in the object area.

The contour line searching unit 1104 is an apparatus cor-
responding to the method as illustrated in FI1G. 8, and specific
details thereof will not be described any more herein.

FIG. 16 is a block diagram illustrating an exemplary struc-
ture of a computer in which the apparatus and method of the
invention can be implemented.

In FIG. 16, a central processing unit (CPU) 1601 performs
various processing in accordance with a program stored in a
Read Only Memory (ROM) 1602 or a program loaded from a
storage portion 1608 into a Random Access Memory (RAM)
1603. As necessary, data as required when CPU 1601 per-
forms various processing and the like is stored in the RAM
1603.

CPU 1601, ROM 1602 and RAM 1603 are connected to
one another via a bus 1604. An input/output interface 1605 is
also connected to the bus 1604.

The following components are connected to the input/
output interface 1605: an input portion 1606 including a
keyboard, a mouse or the like; an output portion 1607 includ-
ing a display such as a Cathode Ray Tube (CRT) display, a
Liquid Crystal Display (LCD) or the like, a speaker and the
like; the storage portion 1608 including a hard disk and the
like; and a communication portion 1609 including a network
interface card such as a LAN card, a modem or the like. The
communication portion 1609 performs communication via a
network such as internet.

As necessary, a drive 1610 is also connected to the input/
output interface 1605. A removable medium 1611 such as a
magnetic disk, an optical disk, a magneto-optical disk, a
semiconductor memory or the like is installed on the drive
1610 as necessary, so that the computer program read there-
from is installed into the storage portion 1608 as necessary.

In a case of implementing the above mentioned steps and
processing by software, the program constituting the software
is installed from the network such as internet or the storage
medium such as the removable medium 1611.

Those skilled in the art shall appreciate that such a storage
medium will not be limited to the removable medium 1611 as
illustrated in FIG. 16 in which the program is stored and
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which is distributed separately from the method to provide a
user with the program. Examples of the removable medium
1611 include a magnetic disk, an optical disk (including
Compact Disk-Read Only memory (CD-ROM) and a Digital
Versatile Disk (DVD)), a magneto optical disk (including a
Mini Disk (MD)) and a semiconductor memory. Alternatively
the storage medium can be the ROM 1602, a hard disk
included in the storage portion 1608, etc., in which the pro-
gram is stored and which is distributed together with the
method including the same to the user.

Although the embodiments have been described with ref-
erence to specific embodiments in the foregoing specifica-
tion, those skilled in the art should understand that various
modifications and variations can be made without departing
from the scope of the embodiments as defined by the
appended claims.

The invention claimed is:

1. An image processing method, including:

estimating corners of a contour of an object area in an

obtained image;

searching for contour lines of the object area between every

two points which are offset from the estimated corners
within a predetermined degree along a direction away
from the object area respectively, and determining inter-
section points of the contour lines as final corners of the
contour of the object area; and

determining contour lines between the final corners as a

final contour of the object area,

wherein the searching includes:

offsetting the estimated corners within the predetermined

degree respectively along a principal orientation away
from the object area and along a direction away from the
object area and being perpendicular to the principal ori-
entation, so as to obtain offset points in the principal
orientation and offset points in the direction perpendicu-
lar to the principal orientation respectively;

tracking contour lines of the object area in the principal

orientation between every two offset points in the prin-
cipal orientation respectively, and tracking contour lines
of the object area in the direction perpendicular to the
principal orientation between every two offset points in
the direction perpendicular to the principal orientation
respectively; and

determining intersection points between the contour lines

in the principal orientation and the contour lines in the
direction perpendicular to the principal orientation in the
object area.

2. The method according to claim 1, wherein if there are a
plurality of intersection points between one contour line in
the principal orientation and one contour line in the direction
perpendicular to the principal orientation in the object area,
then a specified intersection point among the plurality of
intersection points is selected as the final corner of the object
area.

3. The method according to claim 1, wherein the step of
estimating the corners of the contour of the object area in the
obtained image includes:

estimating a center line of the object area in the principal

orientation;

estimating the contour lines of the object area perpendicu-

lar to the center line based on the center line; and
determining the corners of the object area in accordance
with the contour lines of the object area.

4. The method according to claim 1, further including:

correcting the object area in the image using a contour-

based correction algorithm in accordance with the deter-
mined final contour of the object area.
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5. The method according to claim 1, further including:
correcting the object area in the image using a contour-based
correction algorithm in accordance with the determined final
contour of the object area.

6. The method according to claim 2, further including:

correcting the object area in the image using a contour-
based correction algorithm in accordance with the deter-
mined final contour of the object area.

7. The method according to claim 3, further including:

correcting the object area in the image using a contour-
based correction algorithm in accordance with the deter-
mined final contour of the object area.

8. An image processing apparatus, including a processor,

wherein the processor includes:

a corner estimating unit adapted to estimate corners of a
contour of an object area in an obtained image;

a contour line searching unit adapted to search for contour
lines of the object area between every two points which
are offset from the estimated corners within a predeter-
mined degree along a direction away from the object
area respectively, and determining intersection points of
the contour lines as final corners of the contour of the
object area; and

a contour determining unit adapted to determine contour
lines between the final corners as a final contour of the
object area,

wherein the contour line searching unit includes:

a corner offsetting unit adapted to offset the estimated
corners within the predetermined degree respectively
along a principal orientation away from the object area
and along a direction away from the object area and
being perpendicular to the principal orientation, so as to
obtain offset points in the principal orientation and offset
points in the direction perpendicular to the principal
orientation respectively;

a contour line tracking unit adapted to track contour lines of
the object area in the principal orientation between every
two offset points in the principal orientation respec-
tively, and tracking contour lines of the object area in the
direction perpendicular to the principal orientation
between every two offset points in the direction perpen-
dicular to the principal orientation respectively; and

anintersection point determining unit adapted to determine
intersection points between the contour lines in the prin-
cipal orientation and the contour lines in the direction
perpendicular to the principal orientation in the object
area.

9. The apparatus according to claim 8, wherein if there are

a plurality of intersection points between one contour line in
the principal orientation and one contour line in the direction
perpendicular to the principal orientation in the object area,
then a specified intersection point among the plurality of
intersection points is selected as the final corner of the object
area.

10. The apparatus according to claim 8, wherein the corner
estimating unit includes:

a unit adapted to estimate a center line of the object area in

the principal orientation;

a unit adapted to estimate the contour lines of the object
area perpendicular to the center line based on the center
line; and

aunit adapted to determine the corners of the object area in
accordance with the contour lines of the object area.

11. The apparatus according to claim 8, further including:

a unit adapted to correct the object area in the image using
acontour-based correction algorithm in accordance with
the determined final contour of the object area.
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12. The apparatus according to claim 8, further including:
a unit adapted to correct the object area in the image using a
contour-based correction algorithm in accordance with the
determined final contour of the object area.
13. The apparatus according to claim 9, further including: 5
aunit adapted to correct the object area in the image using
acontour-based correction algorithm in accordance with
the determined final contour of the object area.
14. The apparatus according to claim 10, further including:
aunit adapted to correct the object area in the image using 10
acontour-based correction algorithm in accordance with
the determined final contour of the object area.
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